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LAMINAR FLOW OPTIONAL LIQUID COOLER 

Technical Field 

[oooi] The present invention relates generally to 

liquid coolers and more specifically to laminar flow 
optional liquid coolers. 

Background 

[0002] Liquid coolers are used to provide accessory 

liquid cooling to a" wide variety of vehicle and system 
components. Essentially, liquid coolers consist of 
fluid tubes coupled to a vehicle or system component. 
The outer surfaces of the fluid tubes provide a surface 
to remove heat from the vehicle or system component. 
[0003] In general, liquid . flowing through the tubing 

experiences laminar flow, turbulent flow, or a 
combination of laminar and turbulent flow. In the 
context of liquid coolers, laminar flow is fluid flow 
in which all fluid motion is in the direction of the 
axis of the tubing, while turbulent flow is fluid flow 
in which the fluid is tumbling or mixing within the 
tube . 

[0004] Consider laminar flow, for example, in a 

horizontally oriented simple plain tube having a one- 
half inch diameter and one ' meter long having diesel 
flow entering the tube at a bulk flow rate of 0.5 
liters per minute and wherein 50 watts is applied 
evenly to the tubing wall. Where the bulk inlet diesel 
fuel temperature is fifty degrees Celsius, the bulk 
outlet diesel fuel temperature will be 53 degrees 
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Celsius. The temperature along the tubing wall, and 
the diesel fuel very close to the tubing wall, is 76 
degrees, or 24.5 degrees hotter than the average fluid 
temperature. This demonstrates that the temperature 
rise within the fluid from the bulk of the fluid to the 
inside wall of the tubing dominates the total 
temperature rise. As the amount of heat that a liquid 
cooler is able to remove is proportional to the 
temperature difference between the the tubing wall 
surface and fluid and' to the surface area of the tubing 
available to the fluid, liquid coolers in the present 
art incorporate expensive u-bends in their designs to 
increase the surface area and overcome the low 
convection performance ability of the tubing. 
[0005] It is therefore highly desirable to limit the 

temperature rise .between the inside wall of a tubing 
and a liquid flowing through the tubing at a constant 
flow rate. This would increase the thermal 

effectiveness of the liquid cooler for cooling an 
associated component. This would also allow liquid 
coolers to be formed with decreased sizes while 
limiting or eliminating expensive u-bends that are 
normally necessary to provide adequate cooling to an 
associated component . 

Summary of the Invention 

[0006] It is thus an object of the present invention 

to provide a method for limiting the temperature rise 
between the inside wall of the tubing of a liquid 
cooler tubing and the liquid flowing through it in a 
laminar flow manner. 

[0007] The above object is accomplished by 

introducing a structure to the inside of the tubing 
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that acts to distort the laminar flow, thereby reducing 
the heat rise that occurs at the surface of the inner 
wall due to laminar flow. Therefore, more heat is 
capable of being conducted from an associated structure 
coupled to the cooler tubing surface, thereby providing 
increased thermal effectiveness. In addition, costs 
for manufacture of the liquid coolers are reduced 
because smaller liquid coolers may be utilized and 
because these new liquid cooler are produced using 
simpler manufacturing techniques. 

[0008] In one preferred embodiment of the present 

invention, a wire baffle having at least two kink 
regions is introduced to the tubing. The majority of 
the wire length is contained within the center of the 
tube and disrupts laminar flow within the center of the 
tube . 

[0009] In another preferred embodiment of the 

present invention, in which an extruded elongated ridge 
member is formed within a portion of the hollow tubing, 
surface area within the tubing is increased by an 
additional 60%, thereby further reducing the thermal 
increase associated with laminar flow located at the 
outer tubing by an additional increment. 
[00010] Other objects and advantages of the present 

invention will become apparent upon considering the 
following detailed description and appended claims, and 
upon reference to the accompanying drawings . 

Brief Description of* the Drawings 

[00011] Figure 1 is a perspective view of a liquid 

cooler according to one preferred embodiment of the 
present invention; 

[00012] Figure 2 is a end view of Figure 1; 
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[00013] Figure 3 is a perspective view of the liquid 

cooler of Figure 1 mounted to an engine control module; 
[00014] Figure 4 is a perspective view of a coax-tang 

extrusion tube assembly according to another preferred 
embodiment of the present invention; 

[00015] Figure 5 is an end view of the liquid cooler 

of Figure 4 ; 

[00016] Figure 6 is a perspective view of the liquid 

cooler of Figure 4 mounted to an engine control module; 
[00017] Figure 7 is an end view of a liquid cooler 

according to another embodiment of the present 
invention; 

[00018] Figure 8 is an end view of a liquid cooler 

according to another embodiment of the present 
invention; 

[00019] Figure 9 is an end view of a liquid cooler 

having a dual-tube design according to another 
embodiment of the present invention; and 
[00020] Figure 10 is an end view of a liquid cooler 

having a tri-tube design according to another 
embodiment of the present invention. 

Description of the Preferred Embodiment (s) 

[00021] Referring now to Figure 1, a liquid cooler 11 

according to one preferred embodiment is depicted as 
having a wire baffle 12 contained within a tube 14. 
The wire baffle 12 is formed with a minimum of. two 
spaced kink regions 16 situated along its length 1. For 
a tube 14 approximately H inch in diameter, a wire 
baffle of approximately 0.023 inch diameter having kink 
regions 16 approximately every 4 0 millimeters is 
preferable, although thicker or thinner wires having 
kink lengths of different sizes are contemplated- Each 
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kink region 16 has an outer lobe region 17 that abuts 
an inner circular wall portion 18 of the tube 14. The 
shape of each kink region is preferably oval-shaped, 
but other smooth shape such as substantially half- 
circled are contemplated. The tube 14 also has an 
outer wall 19. 

[00022] Figure 2 illustrates an end view of Figure 1 

showing the wire baffle 12 within the inner circular 
wall portion 18 of the tube 14. For illustrative 
purposes, the inner circular wall portion 18 lists 
various relative degree positions. For example, the 
top of the inner circular wall portion 18 is listed at 
0 degrees, or twelve o'clock; the right side portion is 
listed at 90 degrees, or three o'clock; the bottom 
portion is listed at 180 degrees, or six o'clock; and 
the left side portion is listed at 270 degrees, or nine 
o' clock . 

[00023] As seen in Figure 2, each subsequent kink 

region 16 is rotated at an angle a from the outer lobe 
region 17 of one kink region 16 to the outer lobe 
region 17 of an adjacent kink region 16. Together, the 
number of kink regions 16 and the angle a between the 
adjacent kink regions 16 are set to ensure that the 
straight wire length 21 is located within the center of 
the tube 14. Further, this angle oc ensures that 
certain kink regions 16 may be planar or not planar 
with respect to one another. Preferably, at least one 
kink region 16 is not planar with another kink region 
16. 

[00024] As best seen in Figure 2, angle a is 
preferably set to 120 +/- degrees such that each three 
adjacent kink regions 16 serve to locate the straight 
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wire length 21 of the baffle wire 12 within the center 
of the tube 14. In Figure 2, each subsequent kink 
region 16 is set at 0 degrees, 120 degrees, and 240 
degrees respectively. Of course, this angle a may be 
varied and still ensure that the straight wire length 
21 is maintained within the center of the tube. For 
example, angle a could be 90 degrees such that each 
four adjacent kink regions 16 serve to locate the 
straight wire length 21 of the baffle wire 12 within 
the center of the tube 14 . In this scenario, the 
relative locations of the kink regions 16 would be 0 
degrees, 90 degrees, 180 degrees, and 270 degrees 
respectively. 

[00025] Further, in alternative embodiments not 

shown, the relative location between adjacent kink 
regions 16 may be varied non-regularly from zero 
degrees to 360 degrees. However, in this scenario, as 
above, the number of kink regions 16 must ensure that 
the straight wire length 21 is maintained within the 
center of the tube 14. Also, the length of each 
subsequent straight wire length 21 may be the same, 
shorter, or longer than the previous adjacent straight 
wire length 21 and still be within the spirit of the 
present invention . 

[00026] A principle of fluid dynamics states that the 

fluid speed at any stationary surface within a tubing 
is zero. In a tube without a wire baffle, the maximum 
velocity of fluid through a tube is at the center of 
the tubing, while fluid flow at the inner tubing wall 
is approximately zero. A graph of fluid velocity along 
any cross-section diameter of the tube without the wire 
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baffle would have a parabola shape, like the profile of 
half of a watermelon. 

[00027] The placement of the wire baffle 12 within 

the tube 14 as in Figure 1 and 2 provides such a 
stationary surface and distorts the laminar flow, so 
that the maximum velocity of fluid flow is no longer 
located at the center of the tube 14, but is instead 
located at a point midway between center of the tube 14 
and the inside circular wall portion 18 of the tube 14. 
A graph of velocity plotted along any cross-section 
diameter of the tube 14 having a wire baffle 12 would 
result in a parabola with roughly ^ the width of a plot 
without the wire baffle 12. As the convective heat 
transfer coefficient h is inversely proportional to the 
width of the parabola, temperature rise at the inside 
circular wall portion 18 and outer wall 19 of the tube 
14 will decrease dramatically with the introduction of 
the baffle wire 12 . 

[00028] Liquid coolers 10 are typically coup led wi th 

system or vehi c 1 e_ ..coiappnen t s and are used to remove 
heat that is built up during the operation of these 
components, heat that may have a deleterious effect on 
the operations of the components. The amount of heat 
that may be drawn from the components is directly 
related to the heat buildup on the outer wall 19 of the 
liquid cooler 11. Thus, the cooler the outer wall 19 
of the liquid cooler, the more heat that may be drawn 
away from the component by conductance . 

[00029] Referring now to Figure 3, a liquid cooler 11 

similar to Figure 1 and 2 is shown coupled to a vehicle 
component, in this cas e an en gin e control module 3 0. 
The liquid cooler 11 is preferably attached to the 
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electronic control module 30 with screws 31. Of course, 
other methods of attachment known in the art are 
specifically contemplated. For example, the liquid 
cooler 11 could be installed within an aluminum die 
casting that is formed by pouring molten aluminum 
around the liquid cooler 11. 

[00030] The liquid cooler 11 has an inlet 33 and 

outlet 35 that attach to ends of a rubber fuel line 
(not shown) using a metal crimp or some other 
attachment means well known to attach tubings in the 
art. In addition, a layer of thermal grease (not 
shown) , thermal adhesive (not shown) , or a film 
interposer (not shown) common to the electronics 
industry may be placed between the liquid cooler 11 and 
the electronic control module 30 to increase its 
thermal effectiveness. In addition, to further 

increase the thermal effectiveness of the liquid cooler 
11, a series of bends 37 may introduced to the liquid 
cooler 11. The number of bends 37 is a function of the 
amount of cooling that is necessary for the electronic 
control module 30. 

[00031] Referring now to Figures 4 and 5, a liquid 

cooler 50 according to another preferred embodiment is 
shown having an elongated ridge member 52 extending 
throughout the length and internal to a tube 54. The 
middle portion 53 of the elongated ridge member 52 is 
located near the center of the tube 54 and functions to 
disrupt the laminar flow in the center of the tube 
similar to the baffle wire 12 of Figures 1-3.. The tube 
54 is typically fabricated with a hexagonal outer 
surface 55 for use with a counter torque wrench and may 
be fitted with female threads 57 for ease of 
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installation. Further, the tube 54 contains a thermal 
interface plate 56 for enhancing heat transfer 
capabilities . 

[00032] As best seen in Figure 6, the thermal 

interface plate 56 is coupled to a vehicle component 

such as an electronic control module 58 with a row of 

— — 

screws 60. Of course, the plate 56 may be secured to 
the electronic control module 58 in a wide variety of 
other manners well known in the art. In addition, a 
layer of thermal grease (not shown) , thermal adhesive 
(not shown) or a film interposer (not shown) common to 
the electronics industry may be placed between the 
plate 56 and the electronic control module 58 to 
further enhance heat transfer characteristics. 
[00033] The liquid cooler 50 having the elongated 

ridge member 52 is typically an extrusion of aluminum 
6063-T6 alloy, but other metals may be used as are 
known in the art. The liquid cooler 50 has many 
advantages over typical liquid coolers known in the 
art. First, as with the wire baffle 12, the middle 
portion 53 of the elongated ridge member 52 reduces the 
parabolic width, roughly doubling the convective heat 
transfer coefficient h, to cool the inner surface 60 of 
the tube 54. Second, the elongated ridge member 52 
increases the surface area inside the tube 54 by 
roughly 60%, which further increases the thermal 
effectiveness of the liquid cooler 50. • Third, because 
elongated ridge member 52 is rooted closest to the 
thermal interface plate 56, additional heat transfer 
characteristics are realized, as the elongated ridge 

membe r ^,52 he lp_s tg— d i xe.at l,y he at sink the heate d 

surface of a coupled component. It is estimated that 
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increases the thermal effectiveness by another 2%. 
Combined, it is estimated that the elongated ridge 
member 52 may reduce thermal resistance for a given 
length of liquid cooler 50 to less than half of that 
for a smooth tube. 

[00034] While the liquid cooler 50 of Figures 4-6 

shows a single elongated ridge member 52, it is 
contemplated that a great number of different designs 
of elongated ridge members 52 other than what is 
depicted are possible. For example, as shown in Figure 
7, the number of elongated ridge members 52 may be 
increased around the outer periphery of the tube 54. 
Further, as shown in Figure 8, the shape of the 
elongated ridge member 52 could be varied by making the 
middle region 53a of the member 52 more circular. 
Further, a dual-tube 60 or tri-tube 62 concept, shown 
as Figures 9 and 10, could replace the elongated ridge 
member 52 concept. Design concepts such as in Figures 
7-10 are representative of other embodiments that would 
reduce the parabolic width or eliminate the laminar 
flow through the center of the tube 54. However, the 
flow through these tubes 54 is undesirably restricted 
by their shapes and thus are less desired designs. 
[00035] The liquid cooler 11 of Figures 1-3 and 

liquid cooler 50 of Figures 4-6 may be used in a wide 
variety of applications. For example, the liquid 
cooler 11, 50 may be used in heavy and/or light-duty 
diesel controller programs, wherein the liquid cooler 
11, 50 is actually a diesel fuel line. The liquid 
cooler 11, 50 may be a regular gas line, a motor oil 
line, a water-mix engine coolant line, or any other 
type of fluid tubing that is contemplated to cool a 
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vehicle or system component as is contemplated within 
the art. 

[00036] The present invention offers many 

improvements over currently available liquid coolers. 
First, previous designs of liquid coolers required 
expensive u-bending to increase the overall length due 
to low convective performance ability. The present 
invention eliminates this expense by increasing the 
convective performance of the liquid cooler 11 , 50 by 
reducing the parabolic width. Second, previous fin 
designs commonly used in liquid coolers assumed air- 
like turbulent flow. However, fuel, especially diesel 
fuel, experiences mainly laminar flow within a tubing. 
The present invention works in conjunction with laminar 
flow, not turbulent flow, which is exhibited in liquid 
fuel systems. Third, the liquid cooler 11, 50 
increases surface area in viscous fuel flow that 
decreases the laminar flow width, thereby allowing 
shorter liquid coolers which greatly reduce cost of 
manufacture and space. 

[00037] While the invention has been described in 

terms of preferred embodiments, it will be understood, 
of course, that the invention is not limited thereto 
since modifications may be made by those skilled in the 
art, particularly in light of the foregoing teachings. 
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